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FOREWORD

This is Volume 2, Book _ of the History: Project

First, F-1 Combustion Stability Program Report,

prepared in co_pliance with the provisions of

contract NASW-16, Mod 36 and Mod _, Attachment B,

the Rocketdyne F-1 Engine Develol_ent P_ogram for

the National Aeronautics and Space Administration.

(

ABSTRACT

A history of the F-1 Combustion StabilityProgra_

from July through September 196q is presented.

Results of studies, tests, and p_ooedures are dis-

cussed and graphically presented, and problems

encountered are described.

(Unclassified Abstract)
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INTRODUCTION

This report is a continuation of tile history in which the theoretical

investigaticus of the F-1 Combustion Stability Co-.-ittee and the eval-

uations of injector concepts have been presented. Volvme 2, Book

presents the history for the period from July through September 196h.

During this period, the flight rating test (FRT) injector was evolved,

and its development is discussed herein. Bnphasis was placed upon the

elimination of self-triggered instabilities and _00- and 500-cps buzz

instabilities. Additional concept8 which were evaluated were: the

rotated fan, the reversed 5U injector, injectors with wall gap, and

the Block 1 injector with canted oxidizer doublets adjacent to the

radial baffles.

R-.-5615-8
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Primary emphasis _uring this report period was placed upon the develop-

ment of the FRT injector. Both the stability and performance were im-

proved without a loss in comparability. The concept of canting the LOX

fan8 away from the radial baffles, employed with the FRT design, was

found to be beneficial to dynamic stability with other multicompartment
f

baffled injectors.

Work continue_ in the B_drodyna_ics Unit to predict the flow distrf-

bution of F-1 injectors, and a digital _odel, which gave results in

close agreement with the emperical results, va8 constructed.

A_talytical studies were conducted to explain the _00- and 500-cps buzz

instabilities. All test data were reviewed, the fan characteristics

were studied, and the propellant manifold resonant frequencies were

emperically determined.

R-.5615-8
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THEORY AND ANALYTICAL STUDIES

Few theories were advanced during this period because the major effort

was in the development, of the FRT injector. This injector used the

proved concepts of low fuel injection velocity for improved stability

and low oxidizer injection velocity for improved performance. It also

helped to eStabliSh the concept of canting the L0X fans away from the

radial baffleS. Additional investigations were made with injectors with

wall gap and re,erred _ orifice patternm. These concepts have been dis-

cussed in previous book8 and are only briefly discussed herein.

Analytical studieJ vere conducted to detertnine the cause of excessive

heating and erosion of the nozzle-to-nozzie-extension transition region,

to predict the p_opeliant distribution of ring-type injectors, and to

detel_ine the ca_lse of the _00- and 500-cps buzz instabilities. The

results of these studies are presented in the following paragraphs.

CANTED FAN T_0RY

hi L _

The concept of minimizing the propellants on the radial baffle surfaces,

_chieved by drilling the orifice adjacent to the radial baffle at an

angle greater than the angle of its impinging o,'!fice, was shown to have

a pronotmced effect on dynamic Stability. It was very effective with

thirteen co_par_t_ent baffled injectors, but did not pre_e successful with

tribaffled injectors. The theoi_ is that the confining surfaces of the

baffled are a inechanis_ for resurge because waves are able to coalesce

in a corner to form a iingle, high-amplit_tde wave. The degree of re-

action is _Inimized b_ canting the L0X away from the baffles so that a

wave cannot be stmtained in this area, i,e., the wave will not be sial-

rained without energ_ addition.

R-.5615--8 5
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REVERSED 5U PATTERN
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The reversed 5-tYorifice pattern is, as the name indicates, a reverse of

the F-I _ orifice pattern. In the 5U, the LOX orifices are matched to

the outboard fuel orifices; in the reversed 5U, the outboard LOX orifices

matched to the adjacent inboard fuel orifices (Fig. I ). The outer fuel

ring on the reversed 513 showerhead orifices directed t_erd the chamber

wall, such that essentially all the fuel injected is used as wall coolant.

The outer periphery is then basically oxidizer rich.

REVERSED
5U ORIFICE PATTERN 5U ORIFICE PATTERN

Figure i. _tl and Reversed 511 Orifice Patterns

R-5615-8
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The basic theory behind this injector is that, since LOXvaporizesmuch

more rapidly than fuel, it is more easily displaced by winds across the

injector face. The displaced LOXreacts with the fuel fans and sustains

the wave as it traverses the injector. It is true that LOX is displaced

into the fuel fans by a wave travelling toward the center of the chamber,

but it is believed that this is a less sensitive zone, and that the wave

amplification will be reduced.

This belief that the outer zone is the most sensitive region in suppressing

combustion instability has led to the concept of wall gap, and the use of

oxidizer in the outer periphery. The absence of propellants and subsequent

decrease in reaction_rill allow the sustainingwave to diminish.

Wall gap has proved very successful _hen used in conjunction with the

large-fuel-orifice, baffled injector U/N 090(type 5839Y)j but the per-

formance has been very low. To improve perfor_nce, a m_all-fuel-orifice

injector was designed. When tested, the stability was unchange d. The

concept was also used on a flat-face injector and did not prove successful.

The oxidizer-rich zone in the outer periphery imposed a comparability

problem. In one test on injector U/NX017, several holes were burned

through the combustion chamber wall.

NOZZLE EXTI_SION

The elimination of film coolant on certain injectors produced excessive

heating and erosion of the F-1 nozzle extension. Au erperi_ental program

was initiated by the F-1 Combustion Stability G_oup to determine the

aerodynamic losUa and detrimental flow losses in this area. The tests

were conducted at the N.A.A. Los Angeles Division, Thermodynamics Laboratory.

R-5615-8 7
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A two-dimensional model, which simulated _hat portion of ±h_ nozzle at

which the nozzle extension is connected to the tubular wall nozzle

(Fig. 2 ) was constructed. Gas flow past this nozzle section was approxi-

mated by testing the model on a free-surface, open-channel water table

(Fig. 3 ). Still photographs of the wave patterns and motion pictures of

dye injection and floating particles showing the streamlines, were taken.

Flow patterns were studied for eight different hardware configurations.

These were the Several combinations of flow, both with and without

secondary turbine eXhaust injection, with and without ground support tabs

that protrude into the flow field, and with the position of the first

transition shingle altered. _lotographs of these types of flow are shown

in Fig, _ through 10. Conclusions reached as a result of this study are

as follows:

1. The flow field presented by the water table correlates well with

= 2.0 gas theory for strong interactions up to normal Mach No.

disturbances of 2.5.

2. The maximum thrust loss (based upon water table data) due to the
.

aerodynamics of the nozzle-extension-to-nozzle connection is

0.105 percent.

.

_e

Overheating of the downstream portion of the nozzle extension

may be attributable to loss in coolant gas effectiveness incurred

by large dumping at the first openings, thereby reducing flow

downstream.

The controlling feature of the flow field past the test _eometry

is believed to be the separation point at the beginning of the

manifold radius. The position of this point is determined by the

upstream wall currents generatid by circulation and flow out of

the first secondary injection gap of the transition shingle.

R--5615-8
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Figure 3. Water Table Facility
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Figur_ _, Simulated Gas Flow Past

Present Nozzle Section

R---561_-R
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Figure 5. Simulated C_s Flow Paot Preeent Nozzle

Sectio_ With Secondary Xz_ection

12
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Figure 6, Simulated Gas Flow Past Nozzl_ Section With

Modified T_ansition Shingle

It-5615-8
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Simulated Gas Flow Past Nozzle Section
With GSE Tab
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Figure 8, Simulated Gas Flow Past Nozzle Section With

GSE Tab and Secondary Flow
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Fibre 9. Si_lat6d Gas Fiow Past Noz#le Section

With Hoditied Transition Shingle
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l_igUre 10. SimUlated Gas Flow Past Nozzle Section

With Modified T_ansition Shingle
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5. Losses at the transition are created from oblique shocks, which

are required to turn the flow back parallel to the wall after

expansion about the manifold radius.

6. The secondary gaps on the upstream and downstream sides of the

transition shingle should be reduced in size so that these areas

are comnensurate with the other shingle gaps. This is based on

the belief that too much coolant is being injected in the initial

nozzle extension section which appears to be protected by natural

stream separation.

7. A small amount of cross-stream flow should be allowed to remain

through the gap between the manifold and the transition shingle.

This is to cause early separation and to inhibit stream turning

around the manifold radius.

8. Any protuberance in the mainstream is detrimental to performance

and should be eliminated.

BUZZ INSTABILITIES

A special study was conducted to explain the 500-cps buzz instability

(discussed in Volume 2, Book 2.) which first occurred on injector U/N 082.

The following conclusions were reached.

le

e

The tendency to buzz increases with increasing L0X impingement

angle__

The tendency to buzz is greater with L0X doubl_tB than with L0X

triplets. The addition of a small showerhead to the doublets

(such that they became triplets) did not have a significant

effect on the buzz.

18 _--5615-8
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1

The tendency to buzz is decreased by canting the LOX fans away

from the radial baffles.

The tendency to buzz is decreased by the addition of a fuel ring

groove and circumferential baffle dams.

The addition of LOX splitters installed in the axial feed holes

and extending to He oxidizer ring does affect buzz. However,

the degree of effectiveness is inconsistent, and it is not clear

whether hydraulic impedance or LOX fan characteristics are

involved.

A study of the hydraulic characteristics of the injector elements &s a

possible source of buzz-type instabilities was also u_dertaken, itig_-speed

motion pictures taken at the hydrodynamics medium flcw bench o_ _ater-floved

impinging doublets and triplet orifices were reviewed. The frequency of the

raves formed by the intermittent disintegration of the liquid jets (Fig. 11)

was determined by countiug the number of waves be_een frames. These fre-

quencies, which are a function of injection velocity and impingement an_le,

are being determined for the injector elements used on F-1 injectors. A

correlation will be made between these wave frequencies and the F-1 buzz

frequencies of _00 and 500 cps.

FEEDSYSTEqFR_U_NCIES

An intensified effort was made to deter_iine empirically the source of feed

system resonance with the combustion process. All of the propellant orifices

in a flat-face steel injector were brazed shut, and the injector was installed

in a solid-wall chamber. The feed systems were filled with water and pres-

surized. A high-pressure pulse was introduced into an inlet and between the
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Figu..e 11 . Intermittent Disintegration of Liquid Jets
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inlets, through an explosive pulsing unit. High-response Photocon trans-

ducers were used to record the pressure fluctuations within the fluid

cavities.

The predominant frequency encountered in the fuel system was between 5000

and 6000 cps. These frequencies were attributed to tap cavity resonance,

as it was found that fuel injection pressure taps were not flush-mounted.

The second most predominant frequencies, corrected for acoustic velocities

in RP-1, were between 280 and 290 cps and were out of phase across the

inlets. There was significant power in the range between 520 and 530 cps,

but the phase relationship was inconsistent.

Data received from the pulse tests on the L0X side _ere too low a_d no

predominant frequencies could be determined.

A DIGITAL MODEL FOR PREDICTION OF

PROP_ DISTRIBUTION

A digital program that predicts propellant distribution for a ring-type

injector from the geometry and fluid properties was developed. The effects

of splitters also were determined in anticipation of their optimum deploy-

ment. The program°s output yields the flowrate through each individual

orifice plus flowrates and pressures internal to the injector. The method

was applied first to typical F-1 injectors. The analytically predicted

injector flow distribution correlated well with the experimental data.

This analytical approach is now in use as a design guide for F-1 injectors

to provide an even propellant distribution, and, as a result, improved

injector performance. The conclusions reached as a result of this study

are as follows:

1_,.-5615.-8 21
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l

1. The flow distribution of an injector can be analytically deter-

mined by use of a digital program.

2. The axial feed hole kinetic head effects are important in deter-

mining F-1 in_ector flow distribution.

_. A mismatched condition exists between LOX and fuel flow distri-

butions in the present F-1 injector_.

4. Splitters affect the orifice area-to-feed hole area ratio, which

is an important factor in the total flowrate of a ring section.

5. An area ratio of 0.5 _rifice-to-feed hole)for each section is

desirable to distribute the flow properly.

Figures 12through 1_ show the normalized flowrates of the analytical and

empirical methods for the outer L0X rings of an F-1 injector.

The resv/ts_from this study clearly show that the kinetic head of the axial

feed hole flow significantly affects the orifice flowrate distribution

(Fig. 15). The high-flow orifices are those which are directly below axial

feed holes. Because of this effect, the fuel distribution is mismatched

with the LOX for the desired mixture ratio. This was predicted by the

aualytical results and confirmed by test measurements. The construction

of the F-1 injector (Fig. 16) causes the L0X axial feed passages to lie

between those of the fuel. As a result, where there is high fuel flow,

there is low L0X flow, and vice-versa.

The effect of the splitters, as determined analytically and later confirmed

by test measurement, was to starve ring s&ctions whose orifice area-to-feed

passag_ area varied widely. This caused drastic variations in flow distri-

bution. Figure 17 describes one of the more severe cases. The middle

22 11-5615-8
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F_gure 1}. R_ng No. }, -_9, LOX Injector, Type 8_D
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Figur_ 17, L0X Flo_ Distribution, Ring No. 23, Injector 92
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compartment has a very high Ao/Afp ratio because of the particular splitter

deployment. This specific case has been corrected. It was found that

an area ratio of 0.5 or lower provides an even flow distribution between

and within compar_ents, which, in turn, properly distributes the flow to

the orifices.

COMP0_T TEST ANALYSIS

Testing at the high-pressure, component test stand 2A-1 was conducted to

evaluate the following injector concepts, and for analytical studies:

1. Flow_eter correlation study

2. Evolution of the FRT injector

3. Conceptm evolved from FRT testing

_. Wall gap

5. _draulic modifications

6. Rotated spray fans

7. Reversed 5U orifice pattern

8. Concentric tube

9. Multicompartment baffled injector

A brief description of injector designs and a general test sunu_ary are

presented in the following paragraphs. Photographs and injector description

sheets are given and a detailed summary of each test is given in Table 1 .

FLO_ET_R CORRELATION STUDY

Six tests were conducted on the PFRT injector FlO02 in a tubular wall

chamber as part of the flowmeter correlation effort on the EFL component

test stand P.J_]. Previous surveillance of component test data and engine

1_5615-..8 29
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data had indicated the LOX flo_neter to be in error. The six tests were

successful, and the data indicated the flowmeter to be in error by approxi-

mately 3 percent. (This study is discussed in detail in Volume 2, Book 3).

EVOLUTION OF THE FRT INJECTOR

The FRT injector evolved from the Type 5867 J3 injector (Fig. 18 and 19 ).

This injector type has a _J orifice pattern with 0.281-inch-diameter fuel

doublet orifices impinging at 30 degrees included angle, except in the outer

ring where they impinge at 40 degrees and the orifice diameter is 0.228 inch.

The outer fuel ring is also restricted to approximately 50 percent of its

normal flow. The LOX side has 0.2_2-inch-diameter doublet orifices impinging

at _0 degrees, except in the outer ring and adjacent to the baffles where

they are 0.209-inch in diameter, impinging at _0 degrees. There are 31_ LOX

splitters in the axial feed passages. The injector is divided into 13 com-

par_tments by 3-inch-high, wide-base, fuel cooled baffles. Forty dams in the

circumferential baffles prevent the occurrence of an annular mode. The outer

radial baffles are rotated 12.5 degrees with respect to theinner radials.

Four series of tests were conducted on injector type 5867 J3 to investigate

the repeatability of results with different injector units. The tests were

conducted on injectors U/NX056 and 092. The results from the two injectors

were similar. The average damp time with U/NX056 was 25 milliseconds, with

extremes of 73 and 8 milliseconds. Damp times in two stability tests on

U/N 092 were 58 and 37 milliseconds.

Six of the 10 tests on injector U/NX056 showed indications of _O0-cps

buzzing at amplitudes from 50 to _00 psi peak to peak. This buzz is similar

to the 500-cps buzz in that the sinusoidal oscillations grow linearly in

5O I_561.5-.8
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Figure 18. Injector U/N 092 and X056, Type 5867J
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time and both appear to be a transverse mode (Fig. 20 and 21). They differ

in_phase relationship. The phase relationship of the 500-cps mode-_ such

that a nodal line can be drawn connecting the propellant inlets; the

nodal line of the _O0-cps buzz is perpendicular to this line.

The type 5867 J3 injector was modified to improve mixture ratio distri-

bution in the outer combusticn zone. This was accomplished by increasing

the fuel flc_ in the outer ring from 50 to 70 percent (type 5867 H3). The

average damp time for four bomb tests was 33 milliseconds. The injector

again showed indications of _O0-cps buzzing at amplitudes from 50 to _00

psi peak to peak.

The LOX orifices adjacent to the radial baffles were then enlarged to

0.2_2 inch _n diameter and canted away from the baffles _y drilling the

orifice nearest the baffle at a 28-degree 12-minute half angle, and its

impinging orifice at a 20-degree half angle (Fig. 22 ). The injector was

redesignated 5881M3.

The injector demonstrated good stability, but self-triggered instability

in two tests. The self-triggered instability damped in 8 and 155 milli-

seconds.

A type 5881 M3 injector _as modified by canting the fuel fans along the

radial baffles to match the previously canted LOX fans, but it did not

appear that canting both LOX and fuel fans was as effective as canting

the LOX fans only.

The type 5881 M3 injector was further modified by enlarging the 0.2_2-inch-

diameter b_ 28.2-degree LOX orifices adjacent to the radial baffles to

0.250 inch in diameter to prevent LOX from impinging on the baffle (due

I_--5615-8 53
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to any misalignment of the doublets). _ addition, the LOX splitters

were crimped to avoid interference with the LOX orifices (Fig. 2_. The

injector type was designated 5885 P3.

Twelve stability evaluation tests _ere conducted on this injector. Nine

bomb-induced instabilities damped i_ less than 14 milliseconds; two damped

in 54 and 168 milliseconds.

It appeared that the stability and performance o£ the FRT injector had

been improved with no loss in compatibility. Howe_er, a new problem of an

increased frequency of self-triggeriDgwaS encountered. Repeated shifting

of 16 oxidizer splitters which divide the oxidize_ doublets adjacent to

the eight radial baffles in the outer ring was observed on U/N 092 (Type

5881H3) and 099 (Type 5885 1_) injQctors. Because this splitter _oVement

obstructs the entrance to the oxidizer orifices the splitters ha_e been

removed fro_ the present FRT injector (Type 58S5 $3). The new configuration

also includes a new bomb boss designwhich does not impede flow through the

adjacent fuel orifices and the land-to-baffle gaps are open to pervert inter-

compartment venting.

Eight tests were conducted with the Type 5883 $3 injector on the EFL

component test stand 2A-1. Six bomb-induced instabilities were damped in

less than 100 milliseconds, with an average damp time of approximately 21

milliseconds.

A total duration of 1254 seconds was accuaulated during engine testing on

the Type 588_ $3 injector on three injector units (U/N 085| 086, and 098).

Eagine 011-2 was bombed on one occasion, and the disturbance was damped in

89 milliseconds. There were no instances of self-induced mainstage '|popping ||.
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A significant increase in engine performance was realized in converting

from the U/N 08_B to theU/N 08_C injector. After 2593 seconds of testing,

the U/N 08_C (Type 5881 H_) injector demonstrated a favorable average

engine =pecific impulse of 262.3 seconds as conpared to the previous U/N

08_B average specific impulse of 259.6 seconds. Increased canting of the

oxidizer fans improved performance £1ightly on the U/N 08_D (Type 5885 1_)

injector, with the average specific impulse being 262.5 deconds after more

than 1200 s_condd of testiS. No further improvement was obtained with

the U/N 08PIE (Type 5885 $3) injector, howe_er, the structural integrity of

the injector was si_aificantly improved.

CONCEPTS _._r0LV_D FR_I FRT TESTING

The concept of minimizing the propellants on b_ffle surfaces by canting the

fans was further evaluated on the Block 1 injector U/N F1002 and tribaffled

injector U/_ X037. The outstandingly strong damping characteristics of

in_ect_r _'/1_ F1002 demonstrated the high sensitivity of the area near the

b_ffle surfaces _ith respect to dynamic stability. The damping character-

ist_.ce of injector U/N X037 appeared to be unchanged. (i.e., the instability

was not damped_ )

Injector U/N F1002 (Fig. 2&) had a 5U baffled orifice pattern, 0.228-inch-

diameter fuel doublets impinging at _0 degrees, and 0.18_-inch L0X triplets

impinging at _0 degreed. Ali elements except those in the outer _ing a_e

A.S.M.E. orifices. The injector haB 0.128-iflch-diameter film and 0.076-

inch-diameter body coolant o_ifices. _otal wall coolant i_ 10,8 percent_

The baffle co_figuration is like that of th,e FRT injector_ and it has

hydraulic modification No. 2. (ltef._bl. 1 Book _, Page _1)
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Figure 2_. (Concluded)
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The stability of the Block 1 injector was greatly improved by plugging

the L0X showerhead and canting the r_maining doublets away from the ra-

dial baffles. Characteristic damping times before canting were approxi-

mately 60 millisecovds; with canting they were less than 13 millisecon&q.

Both L0X and fuel fans were canted away from the tribaffled injector

U/N X037. The concept did not appear to be effective, as bomb-induced

instabilities persisted until chamber pressure decay.

HYDRAULIC MODIFICATI 01_S

In_ector U/N X035 (Fig. 25 through27), which had previously demonstrated

dynamic stability by damping three bomb disturbances (each in one cycle)

was tested twice without the hydraulic modifications (FIE. 28). In both

cases, a 500-cps, high-amplitude, transverse instability persisted until

chamber pressure, decay. Two attempts to repeat the first series, with

hydraulic modifications, were made. In test 267, with the hydraulic

modifications replaced, and in test 280 with L0X splitters only, a bomb-

induced instability persisted until chamber pressure decay. A possible

explanation of the inconsistency was the variation in the installation

of the L0X splitters.

500-cps BUZZ EVALUATION

The investigation of the 500-cps buzz instabilities with the injector U/N

082 (FIE. 29 and 30) was continued. The fuel system of this type injectoP

is similar to the FRT injector, except that the outer fuel ring is not

restricted. The L0X system has 0.209-inch-diameter doublet orifices

impinging at 56._ degrees included angle, and the orifices adjacent to

the radial baffles are canted at 28.2 and 20 degrees. The radial baffles

are in-line.

I_ i_ ,
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......... %/ _ \W SAC_SECOND
rv-.,+ r_ v "_P'# RI
MNO BOMB --_._ ! _" NG

_EMARKS; S_andard _U flat-face _attern with
in_e_tn_s like U/N X03_. T_e _8_9-_3 except that

_+ h_* no hvdrau']_e modifications other than

2.37-_nch L0X splitter. Mso i the baffles were

cut back two ri_8, and there was a re-es_ablish-

,1as,v+- n_P flnv n_rn _n ou_er LOX and fuel rings.

pgrcent film coolant = tt.7_

Figure 25. Injector Description, U/N X0_;5, Type 58% R5
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Figure 26. Injector U/N X035, Type 589_-R5, Modified 5U
Tri-Baffle InJector IV£ew A) --'"
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1Di_1-1/6/6z_-CIA

Figure 27. Injector U/N X035, Type 5894-_3, Modified 51/

Tri-Baffle in&ec_to_r,_(Vi.ew B)
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_O_RIFICE I_

.1, r_ .......... .m |,

Jomrc[ .[a _5.0 J
I .,_ _'_. / l.
[qlNG MATERIAL _u JC

FW£LL _i_P (FUEL RINt) [.O.'_11 J-"

! WALLSAP(ov_.,zo_il TO,C_. ["
lY.n._. Velo©tty_lS00K_5.7 Il

FUEL LOX

).281

0,799

DAMS

R[M_ItKIi; lake U_ OS_, _e 58_ ])_ exoept t,'he
_--_ _,_ector has nO IlpllJ;1;eri z ' lt*"1;aS 2_ b_le

t,ox DGUBLET // d_ma a_d 164 fu_l rJ_e eroove dd_. The -9
N_ZTTO8AFF_[S _Se_Z,_V" _0" t_X.rin_.t, 0. _09-_nch;-diaaeter .t 20 de_rees.

No restricted flow in the outer fuel rtu_ 'xne
baffle to lmid ea_ is he'd'sealed,

o.zo_ o._,os

Figure 29, Injector Description, U/N 082, Type 5833 I_

It--5615--8 67



m
iilI.O C _1i¢ l_- i" l_i_" lqlii I_ • A DIVISION OF I%ORTH AMERICAN AYIATION INC

 B l-s/27/6 -clc

Figure _0. Injector U/N 082, Type 5883 U3, Modified 5U
Baffled injector With Large LOX
I_pfngement Angle
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Tests were conducted with the original configuration, with the baffle-to-

land gap unsealed, au_ _ith LOX splitters. In all cases there were indi-

cations of 500-cps oscillations in the fuel system.

Injector U/N X002, t_e 5879 F3 (Fig. 31), is also similar to U/N 082

except that it has large LOX orifices. The LOX orifices are 0.2%2-inch

in diameter except for those adjacent to the baffles and in the outer

LOX ring, where they are 0.209 inch. The LOX orifices along the radial

baffles are canted as on U/N 082. In one test on this configuration, a

500-cps buzz mode began shortly after 90-percent chutber pressure and

continued'until cutoff.

A small, O.0625-inch-diameter, showerhead orifice (FIE. 32) Was added be-

tween _h_ LOX doublets to keep the LOX away f_om the face of the injector.

Two unsuccessful tests were conducted with this injector. One test was

terminated shortly before the main fuel valve reached the ope_ position;

the other was conducted at a LOX-rfeh mixture ratio. There were no indica-

tions of buzzing in the chamber parameters, but _00- and 500-cps oscillations

were observed in the fuel parameters. It appeared from the testing that

the change in LOX orifice size and the hydraulic modifications employed

had little or no effect on the 500-cps buzz, but that the change in fan

characteristics produced by the change in impingement angle or type of

impingement (i.e., triplets versus doublets) had a primary effect.

WALL GAP

_¢o tests on two different injectors were conducted to fUrther evaluate

the effect of increased wall gap on combustion stability.

It had been found that by plugging the outer two rings on large-fuel-orifice,

baffled injectors, dynamic stability could be readily achieved. However, the

performance was very low. To improve performance, a small-fuel-orifice

injector was built (injector U/N 07_, Fig. 33 ). When tested, combustion

R-5615-8 69
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Figure _1.

7o
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l_X-5/26/64-cxc

Injeetor U/N XO02, Type 5879 F_, Modified _ Baffied
Injeotor With Large LOX Orif_.ces
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General Informatio_

Fuel Oxid s
Orifice Area 85.0 61.05

InJ. Velocity, (1500K) 55.7 133.8
Ring Groove Dep:h O. 538 0.5_8
R_ Mater_al Cu Cu
Wall Gap (_el _) o.Tn
Wall Gap (Outer Zone) 0.966
Percent Film Coolant 4.6
Percent Excess Fuel on Wall 2. °,

Baffle _s_
Number of Compartments 13
Baffle Construction Wide Bale
Baffle Coolant Fuel

Baffle Length 3 inches
Baffle Area 2.31 sq in.

MODI FICATION SKETCHES

28° t2' @

_\,_ Eoo

TYPICAL LOX RIMI

 ooo
DIAMETER

LOX HOLE

INdECTION PROFILE

FUEL LOX

IN_CTM DESCRIPTION

Unit x.o2 _pe ",as,.F_ s/s__

No. D d Groul_ Z 0 Sp ! Xjc Xji
Wall 39.188

-59 37.776 0.2'28 96/i104 0._16 20" 1.14 0.571 0.258
-57 36.746 0.209 96/104 0.kl6 9.8.2" 1.11 0._9 0.153
-55 35.626 0.281 8_r96 0.428 15* 1.17 0.799 0.274
-55 _P_.506 0.2_2 8_f96 0.4,16 28.2 s 1.1_ O._P_9 0.123
-51 33.386 0.281 8(:t88 0.428 15" 1.19 0.799 0.274
-49 32/,66 0.242 8C_88 0.;16 28.2" 1.15 0._9 0.123
-;7 31.1_ 0.281 7_80 0.;28 15" 1.22 0.799 0.27;
-45 _0.026 0.242 7_/80 0.416 28.2" 1.18 0.349 0.123
-_3 28.906 0.281 7_80 0._e 15" 1.14 0.799 0.274
-;1 27.786 0.2_2 72/.80 0.;16 28.2" 1.09 0._9 0.12_
-39 26.666 0.281 64/`72 0.428 15" 1.16 0.799 0.274
-37 25.546 0.242 6_72 0.416 28.2" 1.11 0._9 0.123
-_5 2_.4,26 0.281 56/6_ 0.q28 15" 1.£0 0.799 0.274
-33 2"_._06 0.209 _,0/64 0._16 28.2" 1.14 0._9 0.153
0CB 21.066 0.06% 256

-31 18.826 0.209 36/48 0.416 28.2" 1.23 0._9 0.153

2_ 17.706 0.281 t,4/q_8 0.428 15" 1.16 0.799 0.274" 16.586 0.2_2 4_/.48 0.416 28.2" 1.09 0.3_9 0.123

-25 15.466 0.281 _6/40 0.428 15" 1.21 0.799 O.'Z'/z_
-23 14._6 0.242 56/t40 0.416 28.2" 1.13 0._9 0.123
-21 13.226 0.281 32_6 0.4'28 15 ° 1.15 0.799 0.27 z,

-19 l_.106 0.242 _2/.36 0._16 28.2" 1.06 O.Y*9 0.123
-17 10.986 0.281 24_28 0._28 15 ° 1.2_ 0.799 0.27 a.

-15 9.866 0.21,2 24/28 0._16 28.2' 1.11 0.349 0.123

-1_ 8.746 0.281 20/2_ 0.428 15" 1.U, 0.799 0.27_
-11 7.526 0.209 12/2_, 0._16 28.2 ° 1.00 0.349 0.153

ICB 6.446 0.089 40
-9 5._26 0._.,_9 9 0.416 20" 1.88 0._,9 0.155
-7 4.206 0.281 9 0._,28 15" 1.49 0.799 0.274
-5 ,.086 0.242 9 0.416 28._" 1.10 0._49 0.123
-5 1.966 0.281 5/6 0.428 15" 1.06 0.799 0.274

CD 0.2t,2 _ 0.t_16 28.2" 0._9 0.123

BAFFLE DIAGRAM

BAFFLE 0AM$

REMAINS: The injector is the same as U/N X002, Type 5879 F3
except that small (0.0625-inch diameter) L0X ohowerhead
orifice| were drilled in each L0X doublet ao shown in sketch B

at left. The L0X doublets adjacent to the radial baffles are

canted away from the baffle. LOX doubleto adjacent to all
bafflee are 0.209-inch diameter at 28.2 degrees; L0X orifice|
in -9 ri_ are 0.209-inch diameter at 20 desrees.

Figure _2o Injector Description, U/NX002, Type 588_ F_

I_-5615-8 71
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INJECTOit (WESCRIPTION

OmFICE_TTF._ UNIT O?Z_ ,TV_ 5872 (_ , SIN

_7 36.,7_16, _--- . .... _ _! ....

x|i

-59

_5"S

II[T'FTr I' II ] "ITI "
I PATTERN.GENPAL
I | FUEL )XlO.

i °mFIcEAREA I .'2o._ 71.,,t
I_,_ GiOOveDe_'r. l
I RING MATERIAL I Cu Cu

I'WALLGAP (FUEL RING) |N_ "21 )

| WAkL GAP (()UTER ZONE) In (_(_(_ _-

| 1179._ 14.3
mVERGENT_OFI'E

FUEL LOX

33.38t

o.15ohs,")6! o._16
i ,- !

o.o_1._a.,,',_6!n1,16
!

9o_ x.l? ! o. _'-, i.
! 1

_ .._.._

i [, i ,

i 1.1,! 0.57_!
i

..... [..

O. 150 !80/88 ! O. _16 90 ( o. x_

i i i ...

] r I .................

I&FFLE DESIGN {NVlillIRm _Olt_nTIImTS I 1
CORI_rRUCTION I h'ide P_me

IAFII_E COOLANT _ Fuel JIAFFLE LENGTH 3 ]'Jaehes . ]

! I,
BAFFLES

NEMAliKS; T.i,,,.*.,_,- in _.imil_r t.o 1;/_; O?b.:
_t__FF _Y_n'k. f.he f_tel 4onh]ef.A" have ])sen

redri_led to _.159-inch diameter. The baffles

are pro_r#mmed an d tl_e bod_ coolant holes are

nhweed _here are neither fuel _ort isolation

_ab_-nor fuel Tort inserts. The 1n.ject.or has

L0X side baffles and a L0X side divergent plate.

Th@F e iS _ _ co"_i_nt. There are no LOX

_nlltters _D the in_ector_

Percent excess fMel on wall = 6._3_ (-)

Figure :Y_, Injector U/N 07_, Type 5872 HI, Modified _I]

Baffled injector With Wall G_

72 1_-5615-8
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i

instability was bomb-induced and persisted for 750 milliseconds. The

mode of instability was essentially the same as that for small-fuel-

orifice, 13-compartment, baffled injectors without wall gap. The outer

two rings were severly damaged, leaving any conclusions suspect.

Test 273 was conducted on injector U/N X038 (Fig. 3_ ), a flat-face version

of. the FRT injector with the outer two rings blanked. The bomb-induced

instability appeared to be a tangential mode at approximately 700 cps,

but many higher frequencies were present. Amplitudes were moderate and

much lower than for a normal flat-face instability. However, the injector

and dome were both severly eroded, as is commonplace _ith stability tests

on flat-face injectors (Fig. 35). Although increased wall gap improved

the stability of the large-fuel-orifice, 13-compartment injector, it was

not sufficient to eliminate the tangential mode of a bomb-induced, flat-

face instability.

_OTA'/'ED FAN INJECTOR

The rotated fan injector, U/NX012 (Fig. 56), is designed such that the -

spray fans resulting from the impinging streams are rotated to minimize the

impingement of unlike fans. The fans are oriented differently in the

different areas of the injector. The orifices are small (0.125-inch LOX

doublets and O.0937-inch fuel doublets), and equivalent 1,500,000-pound-

thrust injection velocities are 181 and 176 ft/Sec for LGXand fuel re-

spectively.

The outer fuel ring consists of fuel showerheads canted 20 degrees toward

the chamber wall. The injector has an ll-compartm_nt, 3-inch high, uncooled

baffle configuration. The concept which the design of thiu injector is

based upon is that the interaction of the spray fans is caused by transverse

presbure waves, and this interaction either reinforces the wave or starts

a new waVe which causes interactions of other fans.

7_ R--5615--8
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ma[c'roa oQo.P'nOu

ORIFICE PI,,,;T'II_

•.. -I*_L

u.rr, xo;}e ,'n,_, _s_, ,,/.

NO. il

_.,i=

1 _rrE_._ ....
L ! FUIL I OXlO.

lOmlmE _A I Q'_ " I -21 o

I_IW'_ Oil,'r. I ! "

I Rl_ I_mAL IC. I C.

I_LL _P (_'[L mNGI __'7il

I 150.70 I].I_.8

OlVlm/lINT _i,,E
FUEL LOX

il Z O Sp
,,

p , , ,,

•,;?.776 1

',;,L6_6 ]

.....

i
I Oral4 _,ms 61. tk_

[ xic
I
I

o._Ri

0.24R

! _.4f4 :-i Iblm ik.a
_M

!
I

i
i , ,

! 9_ o._z(_ .,ao_ z.:_ I o.,_Tz

I ' '

0.981 87 0__ l_ _ l_lq I O__OO

,,

............... 1 -' II ...... I

_ilARgi_ A _U flat-face tn_eef_r wt4_ DO

n^^l _ .n4._

xli

O.9_

.................. i-

.)
FLgure :_, Injector Description, U/NX0_8, Type 5887
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Figure 35.

1D_5-S/25/6_-C_F

Posttest Photograph of Injector U/N X0_8, Type 5887

Modified _0 Flatface With Wall Gap

i
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INJECTOR O($¢RIPTION

ONIFIC[ I_1"11E_ UNIT X012 ,1"VINE 58Jr0 V , SIN --

°

PATTERN NO. I /f_)l

PATTERN NO. 2

0.033b

NEUAmX¢96 bod_ coolant holes e 0.0_65-inch
diameter_ the rotation of the spray fans

ehan_es _n e_ch commartment accordin_ to

patterns one and two

Percent excess fuel in outer finn = 13._

Percent film coolant - 16.75

Figure 36. Injector U/N.X012, Type 58_0 V, Rotated Fa.n Injector

,tv-.) uA --'o
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Figure _6 (Concluded)
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The first test on this injector resulted in a system self-tri_ered in-

stability 500 milliseconds after cutoff. The instability ranged from

300 to 500 cps at moderate amplitudes (500 to 7(0 psi, peak to peak).

Phase relationships were not consistent. The outer radials were partially

torn loose from the injector face.

The second test conducted on this unit, modified by blanking 168 fuel and

L0X orifices next to the outer radial baffles, which were widened to 7/8

inch, was bombed and the instability continued for 700 milliseconds. The

oscillations were of high frequency but comparatively low amplitude in

all parameters except at chamber pressure taps near the injector face,

where amplitudes as high as 5000 psi were recorded. Although the rotated

fans were not sufficient to attain dynamic stability, they were effective

in eliminating the predominance of the 50 cps mode of instability.

REV]mSED 5U PATTm.N

Injector U/NX018 has a reversed SU baffled orifice pattern (Fig. 37). It

has 0.1_7-inch-diameter fuel doublets matched to outboard 0.172-inch-diameter

LOXtriplets at 40 degrees. The outer fuel ring has 0.128-inch-diameter

showerhead orifices canted at, 20 degrees toward the wall and 200 body coolant

orifices at 0.0_2-inch-diameter. Wall coolant is 11.6 percent of the total

fuel flowrate. The basic concept is to provide oxidizer in the outer

periphery and to prevent oxidizer from being displaced into the fuel fans.

A checkout test on the injector was successful. In a second test, a 13.3-

grain charge induced an instability which caused rough combustion cutoff.

The instability was cyclic, in phase, with moderate amplitudes at approxi-

mately 250 cps.

R-5615 -_ 79



[_ IAIOCIEIETI]VrIIE • A DIVISION OF NORTH AMERICAN AVIATION. INC.

I ltJ|¢TOR O(SOIIIPTION

ORIFICE P&TTI[I_
trait X018.

NO. 0

WALL' "_Yt L_

-67 57.766

.... 37.256

_-65 36.7_6

-6"$ "_5.626

l

-_9 33.:5861
i

............ I

:1_61
Vo =160 FT/SEC
Vf =lSS FT/SEC

_- --._ e _"_.--
"" '_m, ,,,,

I _'reMN. Imeu4,
I I _a. I I

[ OmI_CE AREA I _.75 I

I M,NG_RIAL I •
IW_L_P(_ELm,,e) I 0.TZ_|-
IWALL OaP (OUTER ZONE1 I O_Q6_I-

[Tot_l 0rifices [ 173_ J

mVEROENT I_0FItJ_
F OX. F

,1_1_. 5880 R ,SIN .......

_I I_300P Z I e s_ ! xj©
i

:

0.1285 2_8 Sh hd 20" 0,;;9 ..... .,

O_7g 80 0.h16 20" 1,1_; 0-5-_-_

i
0.1q7 ' 80 O.b16 20* 1._7 I0.571

i i ,

0.17o ] 88 o.;16 20 '_ 1.93!0.:_71 "

i i

o.1571 88 o._,l_ 2o' l.:zg! o.571
i I

• l I I rl_ ' "i| ................. I

*_rl_ rr II,ttl_kl[ OE| GN 1
.uim oFo_ _s I 13 I

¢ONmUCTION [ half inch I
_,m..._coo_ I Nope I

Xli

o._

o.33_

0.356

• E_a_ Crocco-I design: the basic concept 2_._8
to nrov__de nx;dizer on the oute_ _inherv_

The-orifices on the outer fuel r_. are s_o_er-

heads _hich are _ec_ed at 20 de_rees to the

of each set o_ matched fuel and oxi_i_r rings
_b an oxidizer ring which is opposite to tba_
for the 5U in vector t The f_rst three matched

Percent film coolant - ll.b

Note_' 200 bod_ coolant holes of diameter U.U_2

_nc_
Percent excess fuel - 7.77

Figure 37. Injector U/N 018, Type 5880 R,
Reversed _U 0rifice Pattern

/
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INJECTOR 0[SCRIPTION

o,,F,c[ mymm _IT xo17

_UU!

o I

_q.188!

,_V_ _S70 G3 ,$/..

36.7_7 !

35.6'Z'/ !

4 GROUP z e
, ,
• ,

qs ; XjC ' Xli
I i

, ,,,

_

0.166 90/120 0.;16 ] _O_l 0.963 0.571 0.3;;-

0.196 96/120 O.Ztl61_'10.932 0.571 o.3o_
|

RIMA_K_ Zn_ector is Modification 1 a and hns no
f]*_ _u__m_oPn m_id uneooled baffles. Thex_

ehGwnon..tne at_acue4 sK_tca. _,.u17 I_te 21_ LQ_

_in_.dmn_. _.'-qq.ie blmiked bv the outer
eireumfe_e_txal baffle t
W_d_h eirenaWe_entt_l blffle = 0._$3
V4d_h.._dJal.b_ffl6 . 0.6Rq at base start .
_atm_ at 0.2S inches and_ered to 0,188 at
tie

Figure _8. Injector U/N X017, T_pe 5870 O3,
_ulticomp_rtment Baffled In_eetor

82 _,.-p615-8
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_

HULTIBAFFLED COMPARTMI_T INJECTOR

Injector U/N X017 is a 53-compartment, narrow base, uncooled, baffled

injector (Fig. 38). The outer fuel ring is blanked off and covered with

a circumferential baffle _ inches high. 0he-hundred and four body coolant

orifices of 0.05_-inch diameter provide all the wall coolant. The fuel

doublet orifices are 0.196 inch in diameter and i_inge at _0 degrees

included angle. The L0X triplet orifices are 0.156 inch diameter and also

impinge at _0 degrees. Equivalent 1,500,O00-pound-thrust injection velo-

cities are 156._ and 155.8 ft/sec for fuel and L0X respectively. The iI_-

jector has hydraulic modification 1 (Ref. Fig. 28), 159 fuel ring dams,

and 215 IDX ring dams.

In a 1.1-second test, approximately 1 inch of the solid-wall thrust chamber ...............................

was nearly uniformly burned away for the entire length of the combustion _-}

zoner Several holes burned through the chamber wall so__that chamber pressure

was decaying prior to cutoff. The bomb detonated during the sequence cutoff

and the chamber pressure parameters damped very quickly. However, the

accelerometers indicated that the instability did not damp and some very

low-amplitude fluctuations persisted in the LOX and fuel measurements.

This test reafirmed the concept of keeping oxidizer-rich combustion

away from the thrust chamber wall.

COAXIAL ST_ _JECTOR

Evaluation of the F-1 coaxial stream concept was continued. This concept

has the fuel and oxidizer injected into the chamber through concentric

elements (Fig. 39 arid _0). Mixing is accomplished by swirlers in the

inner tube which force L0X into the fuel being injected from the outer

tube. The concentric elements are of varying length, some being flush

with the injector face and some 3 inches high. The variable-length

84
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CONCENTRICTUBE

TYPE 5823

U/N XOI4

AOT :64.9 , V0,_126

"AFT "38.@1, VF--I_

B_'FLE LENGTH : 3"

TYPE 5886

U/N XOI4

1.000"

BACK

DIA.
DIA.

. 0.27? DIA.

COMPARTMENT

ze,-:)oJ.:)-o

BAFFLES

Figure

NO FILM COOLANT
POBTB ARE OF RANDOM LENGTH

TANGENTIAL ENTRY

BWIRLERS IN LOX TUBES
B41 TUBES ON FACE
Z36 TUBES ON BAFFLES

39. Injector U/N XOI_, Type 5885,

Coaxial Stream Injector

_m
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O_rlDIZKR AN_ 6"V_'I.RINO _API_ J'_KT"CH

Figure 39 (Conclu_ted)
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posts are scattered randomly across the injector. The injector has_a

21-square-compartment, 3-inch high, baffle configuration. The baffles

are cooled by coaxial elements.

Three checkout tests were conducted on a coaxial stream injector U/N X01_.

In the first test, the system self-triggered instability and a rough

combustion cutoff was incurred. The mixture ratio was high at 2.87.

The second and third tests were conducted at near-nominal conditions

and 11 and 9 separate self-triggered instabilities occurred during the

tests. Both tests were terminated by the rough combustion cutoff de-

vice. Damp times of the individual self-triggered instabilities varied

from 5 to 198 milliseconds. Triangulation showed a random distribution

in the location of the self-t_iggered instabilities. The mode of insta-

bility when "set up" _as a 500-cps transverse mode, with moderat¢ chamber

and feed system amplitudes.
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DESIGN

The design effort during thi_ report period was directed toward the modifi-

cation and rework of existing injectors for continued evaluation of com-

bustion stability and performance. These modifications have been discussed

in the te_t analysis section of this report. Additional effort was made in

the design of: an FRT injector _ith steel-reinforced radial baffles, a

variable-injection-density, flat-face injector, and injectors incorporating

a copper ring at the outside diameter of the injector face. Also, the

coaxial stream injector, U/NXOI_, was repressure checked to verify the

integrity of the interpropellant braze joints.

REINFORCED RADIAL BAFFLES

The radial baffles on injector U/NX05_ were reinforced by using stainless

steel posts inserted into the modified copper baffles and attached to a

stainless steel base. The baffles vere assembled and brazed as a unit with

the injector. This design minimizes the baffle bending incurred from

stability ratil_ tests of F-1 injectors. The calculated comparative re-

sistance to bending of the new baffle compared to the existing des£gn showed

an _provement of _ to 6 times, except at the baffle tip _.here only slight

improvement was realized. A new brazing alloy was used locally under the

baffles to check its ability to seal the baffle-to-ring land gaps and to

eliminate the necessity of post-braze tungsten inert gas welding then being

used to seal these gaps. Water flow tests were conducted to ensure similar

fuel coolant flowrates between the old and redesigned baffles.

]_-561_-8 89
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VARIABLE- INJECTION-D_NSITY INJECTOR

Unit No. 077 was designed as a flat-face injector. The injection density

(total pounds of propellant per sq in. of injector face area) is programmed

in the outer six rings from 5.2_ lb/sec sq in. to 3.00 lb/sec sq in.

adjacent to the thrust chamber wall. Both fuel and oxidizer orificing

was controlled by varying hole sizes from ring to ring to produce uniform

mixture ratio and the desired injection density across the injector face.

The radial fuel feed passages were modified by multiple step drilling to

reduce the effects of large area contraction ratios on flowrate to the

individual rings.

OUTSIDE DIAHET_R COPPER RING

Flight ra_ing test injectors U/N X051 and X052 were modified to incorporate

a copper ring on the outer periphery of the injector just below the lower

0-ring seal. This design provides improved heat transfer in this area and

minimizes burning and the excessive thermal stress which caused ring-to-

land cracks at the ends of tile radial baffles.

[

i/

I_i

COAXIAL STRE,_I INJECTOR .............

Coaxial stream injector U/N XOl_ was returned to the Canoga Park facility

after a test series in which 21 self-triggered combustion instabilities

occurred. The injector was repressure checked to verify the integrity of

the 1077 interpropellant braze joints. The 500-psi pressure check revealed

no leakage. The only apparent damage to the injector was 13 fuel posts

burned and one loose copper tip at the exit of the oxidizer tube. _le

90 B,-5615--8
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burned tubes were randomly located in the outer baffle compartments.

The loose copper tip appeared to have resulted from an interpropellant

leak at the end of the injection element. The resulting detonation ex-

panded the copper tip outward, and closed the annular fuel orifice.

Repeated leakage and detonation may have contributed to the 21 self-

triggered instabilities.

_,-5615-8 91
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SPUD INJECTOR

The single spud testing program at the Neosho Facility was designed to

furnish information for spud evaluation prior to testing of the F-1 spud

injector. The first spud type chosen for testing was the radial flow

spud. The radial flow spud extends past the injector face into the com-

bustion zone, and propellants are injected radially from the spud. The

following record of tests (Table 2 _ shows that spud erosion occurs on

most orifice configurations of the radial flow spud. Erosion was eliminated

on many of these spuds by the addition of fuel coolant holes, but not with-

out a performance loss.
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0

FRT-type injector has smaller oridizer orifices on those rings which are

bounded by baffle surfaces. Flow deviation percentages on such rings were

always less than on other rings.

Flow tests were conducted at the Medium Flow Facility to determine the

best combination of orifice size and angle to use for L0X groups adjacent

to the radial baffles. The configuration offering the best canted

oxidizer fan consisted of a 0.250-inch diameter orifice drilled at 28

degrees 12 minutes relative to the chamber axis and mated with a 0.2_2-

inch diaZmeter orifice at 20 degrees.

Flow tests were also conducf_d on models of various radial feed port

configuratiofis (Fig. _1 through_3). Included aulong these were the

standa_ step-drilled-type port, a modification thereof having a _0-

degree included step angle, and a constant angle tapered port design.

Of these three configurations, the tapered port design gave distribu£ion

results closest to the desired theoretical flo_.

_-5615-8 97
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HYDRODYNAMICS

The first phase of planned testing on the oxidizer side of F-1 injectors

was completed. This testing included flowing most of the primary FRT can-

didate injectors and flowing the full-scale coaxial stream injector.

Unit No. X050, a baffled injector with a standard body, was used for the

FRT type testing. Modifications to the ring set and the injector body

(mostly involving changes in LOX axial feed. hole splitter configurations)

were made to convert the injector from one type to another. Testing also

involved the use of both the prototype and production low-differential-

pressure domes. The coaxial s_ream injector testing was on U/N X013.

Analysis of the reduced data from these tests has shown several pertinent

facts concerning oxidizer distribution. Group by group, the distribution

across the face of F-1 injectors is fairly uniform. Individual gXoup flow

on any Eiven ring was found to deviate from the mean group flow by approxi-

mately l0 percent on the high side and by approximately 8 percent on the

low side. These are average percentages for the entire injector. Total

ring flowrates and flow densities, with a few exceptions, were very close

to predictions based on desiEn.

It was found that kinetic head and the placement of splitters in axial feed

passages play an important role in whether a particular orifice flows higher

or lower than the mean. These results were_also obtained by the flow dis-

tribut/on model and have been discussed under that section.

It was also discovered that smaller orifice sizes tend to retain more of

the flow control through an injector ring a_ the orifices themselves. The

R-5615-8 101
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RESEARCH

TWO-DI_SXONAL TESTING

L
_ .

i , ,i

Investigations continued in order to explain repeated pressure surging.

It was theorized that L0X and fuel might be accum_ating and detonating.

Two small 1/2-inch baffles were added at the ends of the injector to

provide a pocket area next to the chamber wall _ere fuel and L0X could

conceivably mix without combustion occurring. However, no repeated

pressure surging was observed on tests of this configuration.

An injector was designed to generate combustion gases near the injector

face. It was thought that small unlike doublets would provide a high

relative gas velocity with respect to the large showerhead propellant

orifice to provide good secondary atomization. This should have re-

sulted in a highly efficient injector. When tested, the flat-face in-

_ector was spontaneously unstable in the first transverse mode and the

test was terminated by the rough combustion cutoff device. The efficiency,

as measured by the characteristic velocity (c_), was poor. The lo_, c _

(_62_ ft/sec) was probably caused by poor mixing of the secondary atomized

propellant sprays (sprays from sho_erhead orifices) and by leakage around

the injector.

The 500-cps, buzz-type instability which occurred on the F-1 injector

U/N X0_0 was investigated. An X0_0 type orifice injector pattern with

four 3-inch baffles was used. The chamber width it. ±he injection region

was decreaaed by laminating an extra thicknesq of pyrex, extending for

the first 3-1/2-inches downstream of the injector face, on both of the

combustor walls. It was thought that the decreased injection density

_,--5615..8 fo3
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would enable the _o-._limensional motor to model the buzz obaerved on the

F-1, Buzz-type instabilities were observed. The frequency of the

oscillations was 650 cps, as determined by a hand count from reduced

speed oscillograms. The amplitude peak from a sonic analysis indicated

the frequency to be 900 cps,

A high-pressure, two-dimensional injector with three separate manifolds

for both oxidizer and fuel was fabricated. This allowed independent

variation of mixture ratio and injection density of both propellants in

the upper, middle, and lower sections of the injector. This hardware

allowed the evaltmtion of asymmetries in these two quantities (which may

exist in the full-scale F-1 engine owing to feed system distribution of

propellants).

One test with a small fuel hole, 5U injection pattern with two 3-inch

baffles (used to separate the _mbustion chamber in the same relation as

the manifolds) has been made. In this test %he injection density was

constant in all three regions, but the mixture ratio was 1.8, 2._, and

3.5 from top to bottom. A 13.5-grain bomb detonation in the upper com-

partment resulted in an instability (third transverse mode: typical of

this injector type with uniform mixture ratio distribution) which did

not recover. The injector showed a c _ of 5_00 ft/sec, which is about

300 ft/sec higher than the average for this type injector.

Streak photographs of two-dimensional tests were analyzed. They indicated

that only small differences occur among RP-1/LOX combustion gas velocities,

regardless of the injector used.

Unmy_etrical dimethyl hydrazine/LOX and ethanol/LOX propellant combina-

tions gave gas velocities which appeared to be a function of orifice size

( )
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and the angle of impingement. They gave consistently higher combustion

gas velocities in the first 10 to 15 inches of the chamber length than

the RP-1/LOX combinations.

A

absorbtive characteristics (For Theory see Volume 2, Book 5). The results

(Fig. _ ) show that the resonance peak at 1980 cps, which existed_for

the solid-liner case, was attenuated approximately 25 decibels when the

acoustic liner was introduced. This represents a decrease in oscillatory

energy to 1/16 the original value. A new resonance peak was established

at 2200 cps. However, the amplitude was approximately 15 decibels below

the peak value established by the solid-wall configuration ....

model of the F-1 gas generator acoustic liner was tested to evaluate its

R-..5615-8 lO5



i ¸ i

milLOCliE:E"rlE_"_l_i_ • A DIVt,T_I-ON OF" NORTH AMERICAN AVIATION. INC

--I
--I

n,
I&l
Z
o

J

..r
I'-
m

0
0

q

aea
O0

E_

r4

8

1
" W

t _ .g

m *r,t

I

I.
i
l

61 0 m U) _1" _1 0 m CO _1' _1 0 N q"
e_l N ..... I I

87381030 $11 3A08Y 87381330 '73A37 3_11"1SS3_1d rJNi'10$

O
O
u

8

O
O
m
m

106 11-5615-8

( i

I i


